There is a considerable number of national firm-level studies analysing the relationship between innovation and productivity. But, cross-country comparisons using micro data are still rare. This paper contributes to the literature by investigating the innovation-productivity nexus at the firm-level for the four major European countries France, Germany, Spain, and the UK using the internationally harmonized CIS 3 data. We apply a structural model that describes the link between R&D expenditure, innovation output and productivity (CDM model). Our econometric results show some interesting heterogeneity across the four countries. Using different innovation output indicators, we found that the innovation output is significantly determined by the innovation effort in the four countries. In contrast to that, productivity effects of innovation showed up only for France, Spain and the UK, but not for Germany.
Introduction
The poor productivity performance of European countries relative to the US has been an important focus for government policy. Value-added per capita in EU countries has long lagged behind the US despite widespread reforms across EU countries aimed at increasing growth.
2 EU (2003) emphasizes the fact that post-war growth in Europe was largely based on imitation, driven by capital accumulation, while what is needed now is for European countries to shift towards growth based on innovation. Academics and policy-makers have emphasised the importance of investment in research and development (R&D) as a contributor to longterm productivity growth. In response to these concerns, the European Union has set itself the target of increasing R&D expenditure to 3% of GDP by 2010 (this is part of the "Lisbon Agenda").
Yet, despite the importance of the topics, and the attention they have receive, little is know about the links between R&D expenditure, innovation and productivity at the firm level. Does the EU's poor performance lie primarily in low investment in R&D 3 , or is the main problem that EU firms do not exploit innovations as well? In this paper, we use a new data source, which provides comparative data across European countries at the firm level, to estimate a structural model that directly links R&D to innovation outcomes and then links innovation to productivity. This allows us to disentangle the contribution of R&D intensity from the productivity of innovative effort in producing innovations in their effects on overall productivity.
We compare firm performance in France, Germany, Spain and the UK. Our econometric results show some interesting heterogeneity across the four countries. Using different innovation output indicators, we found that the innovation output is significantly determined by the innovation effort in the four countries. In contrast to that, productivity effects of innovation showed up only for France, Spain and the UK, but not for Germany.
The paper is organized as follows. Section 2 presents the theoretical framework. Section 3 describes the data. Section 4 presents the results and some robustness checks. Section 5 concludes.
2 See, for example, EU (2003) . 3 R&D intensity in the four major EU countries (France, Germany, Spain and the UK) lies behind US and Japan (as measured by GERD over GDP).
Theory and Econometrics
The model draws largely on Crépon, Duguet and Mairesse (1998) . Traditionally R&D is entered directly into the production function. From this the rate of return or elasticity of output with respect to R&D is estimated. What we do here is model (i) firms' decisions to engage in R&D, (ii) the intensity within which they undertake R&D, (iii) the knowledge production function, allowing for different types of knowledge output including process innovation, product innovation and the extent of novelty of new products, (iv) the output production function where knowledge is an input.
index size categories. The basic structure of the model is: firms decide whether and how much effort to put into innovation; knowledge is produced as a result of this investment (along with other inputs and uncertainty); output is produced using knowledge (along with other inputs). More formally we can write this as follows. 4 We model innovation effort in this way because we believe that all firms exert some innovative effort. For example, production workers may well spend a small part of their day considering how the process they are working on could be achieved more efficiently.
However, below a certain threshold a firm will not collect data explicitly on this effort and therefore will not report this effort. An alternative interpretation is as an instrumental variables equation, where we may concerned that innovative efforts is endogenous to the knowledge production function -that is, there may be unobservable (to the econometrician) characteristics of firms that make them both invest more in innovation effort and also make more productive use of this effort. This would induce spurious correlation and mean that the coefficients in (2.4) below would be biased upward.
The output of this effort produces knowledge i g . In general, the knowledge production function takes the form
where the latent innovation effort enters and where i x is a vector of determinants of knowledge production. We measure knowledge output in producing both process and product innovations. Effort is a public good within the firm, so it can be used to produce several outputs without depletion. Therefore, we model i g as a vector of innovative outputs (see section 4.3 for more details).
Finally firms produce output using the following production function According to the Oslo manual R&D activities are only one out of several innovation activities. The latter also comprises the acquisition of machinery and equipment in the context of innovations, the acquisition of other external knowledge, training activities related to innovations, market introduction of innovations, design and other preparation activities for the production and delivery of new products (Eurostat and OECD, 1997). estimate the elasticity of productivity with respect to innovation not only for innovative but for all firms in the last part of the model.
The specification of the model and the identification strategy is explained in more detail in the next section.
Data and Measurement
The data comes from the third wave of the Community Innovation Survey (CIS 3), launched in European countries in 2001. 5 The cross section provides information for the period 1998-2000. In Germany, UK and Spain, the CIS 3 covers all enterprises with 10 or more employees. In France, however, the target population for manufacturing covers firms with 20 or more employees, only. To compare the four countries, we thus restrict the analysis to firms with at least 20 employees
[ Table 1 here]
The whole structure of the model, including the exclusion restrictions made for identification of the model, can be gathered from Table 1 . Descriptive statistics of the main explanatory variables in the model are reported in Table 2 .
[ Table 2 here]
As mentioned before we believe that all firms exert some innovative effort implying that we estimate the model for the whole sample and not only for the innovating firms. This further implies that we are only able to use variables which we can observe for all firms to explain the selection equation. Unfortunately, only a few variables are available for innovating and non-innovating firms in CIS 3 data. Thus, besides size and industries dummies only three other variables enter the R&D selection equation. The first one is an indicator of whether the international market is the firm's most important market. The second one is the exports as a share of total turnover at the beginning of the period (1998). And we include also measures of appropriability conditions. We have more explanatory variables available to explain the R&D intensity because R&D performers have to answer several additional questions in the CIS. 6 We consider demand conditions, an indicator whether the enterprise had some co-operative arrangements on innovation activities during 1998-2000, a set of 5
For a more detailed description of the data sets, their comparability across the four countries under consideration and some basic results, see Abramovsky, Jaumandreu, Kremp and Peters (2004) . 6 The CIS questionnaires in France, Spain and Germany include a filter question, i.e., only firms with innovation activities are requested to answer to a lot of other questions, like questions on co-operations, sources etc. R&D performers are by construction firms with innovation activities. categorical variables reflecting the sources of information for innovation and indicators of public support.
In all equations we control for size and industry characteristics.
Results

Estimation Procedure
The model equations (2.2)-(2.5) make clear that we assume a recursive model structure, i.e.
we neglect possible feedback effects, e.g. from productivity on innovation effort. For estimation purposes, we do not estimate all equations simultaneously, but apply a consistent although less efficient three step estimation procedure. In a first step the generalized Tobit model, comprising the selection equation (2.2) and the innovation effort equation (2.3), is consistently estimated by full maximum likelihood techniques. In the second step we estimate the knowledge production function using the predicted value of the innovation effort as one explanatory variable. As already mentioned innovation effort can be used to produce both new products and processes. We consider four different innovation outputs and the applied estimation technique depends on the nature of the outcome variable (see section 4.3). In the last step we estimate the output production function allowing the endogeneity of the knowledge input variable.
R&D equation
We start by estimation (2.1). As described above, we want to allow for the fact that firms only collect data on and report R&D when it is above a threshold level. Yet many firms in the CIS report innovating without undertaking any innovative effort.
[ Table 3 here] Table 3 shows the estimated coefficients of this model. Columns (1)- (5) show the probit for whether firms report continuous R&D or not, while columns (6)- (10) show the equation for R&D intensity, where this has been estimated using full maximum-likelihood. Looking at column (1) we see that French firms are 30% less likely to do continuous R&D than UK firms, West Germany firms are 48% less likely, while East German firms are 80% more likely. This seems surprising given the descriptive statistics shown in Table 2 , which clearly indicate the opposite pattern. Table 3b shows that this is due to industry composition. In column (1) of Table 3b when we just include country dummies we see a similar pattern as in Table 2 . In column (2) we include size dummies. This reduces the size of the France and West Germany effects (so to some extent the estimates in column 1 were capturing the fact that firms in the French and Germany sample are on average larger, and therefore more likely to innovate) and increases the size of the coefficient for East Germany. In column (3) of Table   3b we include country specific industry effects. This further reduces the effects for France and West Germany, and further increases the effect for East Germany. The results in Table 3 additionally include controls for firms exposure to international markets, which further amplify the country specific coefficients.
In addition, columns (2)- (5) of Table 3a resume the individual country results. As it is expected from economic theory, in all countries the export intensity enlarges the propensity to engage in R&D. This propensity increases also if the international market is the most important for the firm.
The estimates of the R&D intensity equation in columns (7)- (10) show a higher degree of heterogeneity. Having some co-operative arrangement on innovation and the exposure to international markets increase R&D intensity in France, Germany and Spain, but not in UK.
We use the predicted value of innovation effort from column (6) of Table 3 as an input into knowledge production. Table 3c compares the predicted with the actual value.
Innovation production function
We now turn to the knowledge production function described by equation (2.4). We estimate this for four separate forms of innovation output: (a) discrete indicator of whether or not the firm has introduced a process innovation, (b) discrete indicator of whether or not the firm has introduced a product innovation, (c) the share of the firms' output that correspond to products that are innovative and new to the firm, (d) the share of the firms' output that correspond to products that are innovative and new to the market. Given the different nature of the innovation outputs, we estimate probit models only for binary indicators (a) and (b). In the case of innovative sales measures (c) and (d), we use generalized Tobit models, comprising a selection equation for being a product innovator, and the share of innovative sales equation.
[ Table 4 here] The predicted value of the innovation effort is markedly significant as explanatory variable of process and product innovation (Table 4a and 4b) . However, the results are not so clear in the innovative sales equations. The predicted R&D intensity does not render a statistical coefficient for France, in the case of innovative sales new to the firm, and for Germany and UK, in the case of innovative sales new to the market.
Output production function
To provide a comparison we start by estimating a baseline specification of standard production function with R&D intensity included. Estimates of this are shown in Table 5 .
[ Table 5 here]
As we expected, in all columns R&D intensity appear to be significantly associated with labour productivity. Tables 6 and 7 include alternatively actual and predicted values of the innovation variables analysed in previous steps.
[ Table 6 and 7 here]
The results in Table 7 are specially interesting. In France, Spain and UK the four predicted innovation outputs increase labour productivity. This regularity is not present when we use actual values instead, pointing out the relevance of taking into account the endogeneity of the knowledge input variable. In the case of Germany, only the R&D intensity appears as a significant source of productivity improvements.
Summary and Conclusions
This paper contributes to the literature by investigating the innovation-productivity nexus at the firm-level for the four major European countries France, Germany, Spain, and the UK using the internationally harmonized CIS 3 data. We apply a structural model that describes the link between R&D expenditure, innovation output and productivity (CDM model). Our econometric results show some interesting regularities. Using different measures of innovation output, we found that this output is significantly determined by the innovation effort in the four countries, although the likelihood of doing continuous R&D differs among them. In contrast to that, productivity effects of innovation showed up only for France, Spain and the UK, but not for Germany.
Appendix: Variable Definition
Productivity: Sales per employee in 2000 (in log.).
Investment intensity:
Gross investments in tangible goods in 1998, per employee (in log.).
R&D intensity: R&D expenditure in 2000, per employee (in log.).
Export intensity:
Exports as a share of total turnover in 1998. -1491.0 Notes: Standard errors in parentheses are robust. Coefficients are marginal effects (at the sample means) for the probability of doing R&D continuously and for the expected value of the R&D per employee conditional on doing R&D, respectively. W reports the p-value of a test of the joint significance of the defined variables. 
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